The polymorphism of nitrogen has been an area of active research for many years. Recently, Eremets et al. 1 investigated the equation of state of molecular nitrogen by means of x-ray diffraction at room temperature and pressures up to 170 GPa. The transition from rhombohedral ͑R3c͒ ⑀-N 2 to the -N 2 phase near 60 GPa was studied, and on the basis of a Rietveld refinement some conclusions about structure of -N 2 were proposed. From the optical measurements this transition was known to exist at 300 K at elevated pressures ͑Ͼ60 GPa͒ and at moderate pressures and low temperatures ͑see Fig. 1͒ , [2] [3] [4] [5] but due to the experimental difficulties in obtaining high quality x-ray diffraction from low-Z materials at high pressures the equation of state of nitrogen is limited only to 43 GPa ͑Ref. 6͒, and the structure of the -N 2 is not known. -N 2 belongs to the same class of the nitrogen phases as ␦ , ␦Ј ͑also known as ␦ loc ͒, and ⑀-N 2 , which are characterized by the molecules occupying two different sites giving rise to the splitting of the vibron modes ͑known in the literature as 1 and 2 ͒ and by the gradual decrease of the symmetry of the unit cell with increasing pressure through the ␦ → ␦Ј→ ⑀ → phase transitions. Here we present factor group analysis and new diffraction data that rule out the previously proposed structure as a candidate for -N 2 and provide new insight into the nature of the ⑀-transition.
According to Ref. 1 the -N 2 has an orthorombic structure, space group P222 1 , with 2 ϫ 4 atoms positioned in two general 4e͑x , y , z͒ sites. These atomic positions correspond to the four molecules being in the sites 2b ͑C 2 x ͒ and 2d ͑C 2 y ͒ in 1:1 ratio. The correlation diagram among molecular ͑D ϱh ͒, site ͑C 2 ͒, and factor group ͑D 2 ͒ symmetries delivers 17 Raman ͑2A, 7B 1 , 4B 2 , and 4B 3 ͒ and 15 IR ͑7B 1 , 4B 2 , and 4B 3 ͒ lattice modes, and four Raman ͑2A, 1B 2 , and 1B 3 ͒ and two IR ͑1B 2 and 1B 3 ͒ stretching components. While A modes exhibit only Raman activity; B 1 , B 2 , and B 3 modes are both IR and Raman active. Only one IR band has been found in the lattice mode region of high pressure N 2 phases, 4 while the predicted number of expected Raman active lattice modes ͑17͒ is compatible with the results reported in Refs. 5 and 8 where between 10 and 12 modes were observed. But the agreement between numbers of the modes predicted by the P222 1 structure and the vibrational data is lost when the vibrational ͑stretching͒ region is analyzed. The -N 2 structure proposed in the Ref. 1 allows four components in the Raman spectrum, while at least five bands have been independently measured by three different groups. more, all Raman spectra reported by these groups show that a consistent frequency separation between the 1 and 2 modes is preserved also in the phase. It is crucial to consider the IR spectrum because according to the proposed P222 1 structure, each molecular site ͑2b and 2d͒ should contribute with two components both observable in Raman while only one in IR. The experimental results are inconsistent with this expectation, because the two IR vibron bands measured in Ref. 5 are located both in the 2 region; moreover, the IR modes ͑B 2 and B 3 ͒ should also exhibit Raman activity while the lower energy IR-vibron does not coincide with any Raman band. 5 In addition to the symmetry considerations, analysis of the Raman intensities of the vibron bands at the ⑀-phase transition also provides useful information. The Wyckoff sites proposed in Ref. 1 imply significant redistribution of the vibron intensities in a 1 / 1 ratio, which is not experimentally observed. The intensity ratio between 2 and 1 modes in the ⑀ phase, due to the 3 / 1 distribution of the N 2 molecules ͓atomic Wyckoff sites 36͑f͒ and 12͑c͔͒, 9 roughly holds to pressures above the ⑀-phase transition. [3] [4] [5] This suggests that the 3:1 ratio is also conserved in the phase. Finally, the 6% volume change indicated from the solution proposed in Ref. 1 is inconsistent with the small changes in the lattice mode region of the Raman spectrum.
A standard way of checking a proposed structure is to reproduce the diffraction pattern from that structure. The upper curve shown in Fig. 2 was calculated for the P222 1 space group with the atomic positions given in Ref. 1 . It reproduces the experimental data taken from the earlier study between 9.5°and 13°. The previous Rietveld refinement does not show the presence of the 012 peak at 13.25°predicted by the P222 1 structure. That structure also predicts a 101 peak of significant intensity at 2 = 7.5°͑not shown in Fig. 2͒ . New x-ray measurements were carried out at HPCAT, Sector 16 of the Advanced Photon Source ͑APS͒, using angle-dispersive x-ray diffraction coupled with external heating techniques described previously.
10 Figure 1 shows key P-T paths taken in this study. After gas-loading nitrogen in the externally heated diamond anvil cell pressure was increased at room temperature above 18 GPa where the transition to the ⑀-N 2 takes place. The quality of the x-ray diffraction pattern rapidly deteriorates with increasing pressure due to the thinning out of the sample and broadening of the diffraction peaks. In order to improve the quality of the diffraction patterns we heated the sample after each pressure increase while monitoring the sample by either Raman or x-ray techniques. The temperature annealing significantly sharpens the diffraction peaks and above 60 GPa allows observation of the transition between ⑀ and phases and its reversibility upon cooling.
The new data for -N 2 collected at the same P-T conditions as in Ref. 1 show sharper diffraction peaks that allow one to observe the splittings of the bands that were observed as singlets the earlier study. There are two peaks in the pattern in Ref. 1 that do not belong to nitrogen: the intense peak at 12.5°which was indexed as the 111 peak of c-BN used as the gasket material along with an unidentified peak at 10.75°. No additional materials, such as the c-BN used in Ref. 1, were present in the new experiments; thus all of the peaks can be assigned to d spacings of N 2 , making the P222 1 space group an unlikely candidate for the structure of -N 2 . Additional experiments and detailed refinements are required to obtain an unambiguous determination of the structure ͑i.e., atomic positions͒. This work was supported by DOE-BES, DOE-NNSA ͑CDAC͒, and NSF-DMR. 
